LA-UR-79-2¢1¢

TITLE: SYMMETRY VIOLATING KAON DECAYS

AUTHOR(S)Z P. Herczeg

Invited talk presented at the Kaon Factory Workshop, held
in conjunction with the 8th International Conference on
High Energy Physics and Nuclear Structure, August 13-14,
1979, Vancouver (to be published in the Proceedings).

MAS TER

h

e

-_—

L

o By acceptance of this article, the publisher recognizes that the
> U.S. Governimen' retains a nonexclusive, royalty-free license
i to publish or reproduce the pubhshed form of this contribu-
'a tion, or 10 allow others to do so, for U.S. Government pur-
| POSES.

Q>J The Los Alamos Scientific Laboratory requests that the pub-
- — lisher identify this article as work performed under the aus-
C pices of the U.S. Department of Energy.

LOS ALAMOS SCIENTIFIC LABORATORY

Post Dffice Box 1663 Los Alamos, New Mexico 87545
An Affirative Action/Equal Opportunity Employer

Form No. 36 R3

St. No. 2629 DEPARTMENT OF ENERGY
CONTRACT W-7408-ENG. 36

UNITED STATES


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


SYMMETRY VIOLATING KAON DECAYS

P. Herczeg
Theoretical Division, Los Alamos Scientific Laboratory
University of California, Los Alamos, New Mexico 87545

ABSTRACT

The content of this talk comprises twc parts. In the first, an
analysis of the muon number violating decay modes of the K-mesons is
given, Subsequently, some new developments in the field of CP-violation
are reviewed and the question of time-reversal invariance and the status
of CPT-invariance are briefly considered.

INTRODUCTION

The system of K-mesont has a remarkable record in the history of
modern physics. In 1956, the famous '"8-1 puzzle" led to the discovery of
parity-violation in the weak interactions. Eight years later, observation
of the decay K; -+ 2m destroyed the noticn that CP-invariance is an exact
symmetry of nature. More recently, the absence of any appreciable strange-
ness-changing neutral current interactions, indicated by the strong sup-
pression of decays such as Ky, + y*u~, demanded in the framework of unified
gauge theories the introduction of the charmed quark.1 Subsequently, the
order of magnitude of the charmed quark mass was successfully predicted
from the observed Ki~-Kg mass difference.?

Instrumental to this role were the relatively large mass of the K-
mesons which allows a great variety of decay modes, including some non-
leptonic ones, and the existence of two distinect, almost degenerate, neu-
tral kaon states., Is it conceivable that studies of K-decays would lead to
developments of similar importance in the future? The areas that appear to
have the best chance are again those where an apparent symmetry principle
would be probed. In this talk, I would like to consider some topilcs which
belong to this domain., This is not to suggest that other aspects of K-
decays are of minor importance. Precision measurements of the '"classic"
kaon (and hyperon) decays, for example, have become especially important at
the present time, since new theoretical developments suggest some deviat.iors
from the Cabibbo model.? Also important are detailed studies of nonlepton.c
decays, to understand the pattern of violation of the AI = 1/2 rule. Last,
but not least, investigations of the "non-exotic" rare decays, such as
Ky, » vtu~, K* + 7tv,...are of great value since here one probes the effects
of the higher order weak and electromagnetic interactions, calculable in
principle in renormalizable gauge theories,“ and also the possible presence,
at some level, of strangeness-changing neutral currents,

MUON NUMBER VIOLATING KAON DECAYS

Recently there has been considerable interest, both experimental and
theoretical, in the question of possible muon-number violation. This re-
flects the realizdcion that in unified garge theories, it is possible to
account for the stringent experimental limits for processes such as
H > ey, W2 +e"Z, Kj, > en,...without having to require a fundamental law
of muon number conservation, and moreover, that these processes could, in



fact, occur with branching ratios which are not far from the present experi-
mental upper limits.>

The existing pion factories were essential for obtaining the severe
bounds on the branching ratios of strangeness-conserving muon number viola-
ting reactions and will continue to be indispensable for improving the
obtained accuracies, What additional information one obtains from studies
of the strangeness-changing processes? Would a facility capable of improv-
ing considerably the existing limits be of great significance? These are
the issues I would like to try to explore here.

Restricting attention to decay modes which do not involve neutrinos and/
or photons, and which contain no more than three particles in the final
state, the following muon-number violating., lepton-anumber conserving decay
modes of the charged and neutral kaons are possible:7

Ky, > efu’, (1a)
Kg + elu¥, (1b)
K, ~> moe*u®, (1c)
Rg + uoey¥, (1d)
KE > ntety’, (1le)

Needless to say, none of these have been seen so far. Experimental upper
linits appear to be available only for (la) and (le).

Let us consider the decay Ky » ne (K; > u%e™ | for defii teness) in
some detail. The general form of the amplitude is

M(Ky » u+e_) = A uygv + B uv , (2)

where A,B are complex numbers. Neglecting the electron mass, the decay
rate is given by

T(K, > Fe™) = (1 - mﬁ/m%)z(lf\]z + [B|2)/8n (3)

(1.8 x 107)(]A]2 + |B]?) ev,

and the branching ratio relative to K; - all is (using F(KL + all) exp
* 1,27 x 1078ev)

B(Kp, > ute™)

F(KL -+ u+e'\/F(KL > all) L

(1.4 x 1015, |2 + |B|?).
To elucidate the meaning of the experimental b0und,7

B(K, - nteT)<2 x 1079 , (5)

we shall have to ccnsider the various ways in which muon number violation
could take place. To remain as model-independent as possible, we shall
first represent the muon number violating interaction involved by a
phenomenological quark-lepton coupling of the form



G - - A
Loeg=- % [CEy, Brym + £,, Bravgu)da (6)

+ (fgp & + fpp ®lysu)Jp] + H.c.,

where fy,, fAA,...are parameters characterizing the strength of the
corresponding terms relative to 271/2 ¢ (G = 10'5m5‘) and

A - -
JA = 5vpvsd + dy)Yss (7)
JP = Eist + aiYSS ° (8)
(6) is the most general nonderivative local effective Lagrangian that
could contribute to KL-+ue. As we shall see, it covers all the cases
of interest,

The contributions of (6) to A,B are

A

(4.2 x 1077)fpp ap + (2 x 2078)fpp ap , (9)
B

n

-(4.2 x 1077)fys a4 - (2 x 1078)ifgp ap (10)

where 3j,P are defined by

<0[38|Kk (p)> = py my ay/ VZmyg (11)
<0| 3P|k (p)> = -1 m% ap/ Y2myg . (12)

The zonstant ap can be estimated using SU(2) symmetry:
<0[I|KR(P)> = V2 <0]SvyysulKt> = £y py/Y2my, (13)

while ap can be related to a, making use of the relation

AI% = (mg + mg)I?P | (14)
One finds
BP = aAmK/(ms + mg) =1,5 (16)

where we have used fg = 1.23 m,® and mg ¥ 150 MeV, my = 7.5 MeV for the
quark masses. ’

For simplicity, we shall consider two special cases for the Lagrangian
(5):
8) va = fPP = fsp = 0; fAA # 0 »
b) fVA = fAA = fpp = 0; fpp £ 0.

The experimental bound (5), together with equations (9), (15), and (16)
implies then

[£aa] $6 x 1078 (17)
| fppl <4 x 1077 (18)

for cases (a) and (b), respectively.



Is there any further significant constraint on fp,, fPP? As ve shall
see, the answer is in general affirmative, since the interactions which
lead to the effective Lagrangian (6) will, as a rulz, also contribute ro
the K;, - Kg mass difference 4m = mj, - mg, and Am, being second-order weak
in magnitude, is extremely sensitive to contributions from strangeness-
changing neutral "current" interactions.

In the framework of unified gauge theories, Kj > pe (as well as other
A4S = 1 muorn~number viclating processes) could occur via higher-order
effects (u,e coupled to intermixing leptons) or at the tree level, provided
that there are neutral gauge bosons or neutral Higgs mesons coupled directly
to both (ue) and (sd).!

Let us consider these possibilities individually:
1) Muon number violation via neutral gauge boson exchange. In a sequen-
tial SU(2);, x U(l) gauge theorY, flavour-changing neutral gauge boson-
fermion couplings are absent,! However, such couplings may, in general, be
present 1f SU(2); x U(l) was part of a larger flavour group. Quark-flavour
and lepton-flavour changing transitions will also be present if the usual
"vertical" gauge interactions are supplemented by "horizontal omes," which
connect the generations, as may be necessary in order that the parameters of
the mixing matrix, connecting the mass eigenstates and the gauge-group
eigenstates, be calculable,'?

lLet us consider a fermion-gauge boson coupling of the form

Lex = 8'8yvsn X* + g" IA%* + d.e. (19)

with J& given by eq. (7). The Lagrangian (19) leads to an effective
semileptonic interacztioun (6), with fgp = fpp = fyp = 0 and

fan = 8g'g"Mﬁ/g2M§, (gz/SM% = G/Y2), and consequeatly to Kp = ue with a
branching ratic (cf.eqs. (3), (9), and (15))

B(KL, » ne) = (3.7 x 10%)(z"g"/g?) 2 (my/my) " . (20)
The Lagrangian (19) will also give a contribution

Amy = Z(g")zRe2<K°](EYAysd)(Eykysd)lK°>/M§ (22)
to the Ky - Kg mass difference Am. There is no reliable method available
at present to evaluate the matrix element (22). An estimate, which should

be adequate for our purposes, can be obtained using the ''vacuum insertion
method." 13  We find

Lmy = 3 £hmg (8" /Mg) (23)
(

2.5 x 103) (g"/g)? (Mw/My)? eV .

For Amy not to exceed the experimental value Am

p ¥ (3.5x 10~%) ev,
we must have

ex

My 2 (2.7 x 10" Eowy (24)

As a consequence, for a given g' and g", B(K, + pe) cannot be arbi-
trarily large, but must obey

B(Ky, + we) S (7 x 10715)(g'/gM)? . (25)

-t=



It follows that g'/g" £ 500, B(Kyp -+ ue) rcaching its experimental
upper limit (5) for g' = 500 g".13 If we assume (in the spirit of
unified gauge theories) that g' = g" = g, then

Mx 2 (2.7 x 10*)My , (26)
|£44] < 1078 . (27)

and
B(K, ~ ne) 7 x 10715, (28)

2) Muon number violation via neutral Higgs exchange. 1f the Higgs
sector of the SU(2); x U(1l) model is extended to include at least two
Higgs doublets, muon number may be violated by the Higgs—lepton couplings.
The neutrzl Higgs mesons which mediate y <> e transitions could, in general,
be coupled also to AS = 1 fuark densities, lJeading to processes such as
K;, + we. Muon number may be violated also by Higgs mesons associated with
group structures beyond SU(2)y x U(1l).

Let us consider a Higgs-fermion interaction of the form

16

Lep = gh(Sivsd + divss)éy + gj Eivsudy, . (29)

The contribution of (29) to B(Kj - pe) and Am is givan by

B(Kp, »~ ue) = (1.3 x 10%)|fpp|? (30)
= (1.3 x 10°) (V2 gpgp/Gmp)”
ard
omy, = % (g} /) 2my £y [mg / (mg + mg) 12. (31)

Amexp and eq. (31) imply

m, > 107g} GeV (32)
so that for a given g and gL, we must have

B(K; + pe) 2 (1.6 x 10']“)(8ﬁ/gg)2.

(3
Consequently, the experimental limit (5) requires gﬂ/g: < 350. As
an exampleI suppose that gj, = 21/“mu/6
and gy = 2 /”ms/a. It follows that
o, > (6 x 10%) Gev (34)
B(lp + we) < 8 x 10715 | (35)
The choice gj = 21/“muJE, 5h = 21/“md/5 would, instead, lead to
m,, > 320 GeV (36)
B(K, > we) < 3 x 10712, (37)
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Larger values of B(K[ *ue) corresponding to other ratios for the Higgs
couplinrgs cannot be, of course, ruled out.

3) Muon number violation via intermixing leptons. A prominent example
here 1s the standard sequential six quark-six lepton SU(2)p x J(1) model,
which has so far been rerarkably successful in accounting for a wide
variety of weak interaction data. Even in the absence of the mechanisms
described carlier, muon number will not be in general conserved as long
as the neutrinos are not all exactly massless (or degenerate), Neglect-

ing muon number violation due to v_, v, mixing, all muon number violatinF
effects will be proportional to thé pafameter fy where 8 and y m2asure the

amount of the vy mass eigenstate in the gauge-group eigenstates vé and

v;, respectively.”’18 The K; ~ pe rate in this model has been calculated
in ref, 17. With the experimental limits (8y)2 < 2 x 1073 17518 apg

m, < 250 Mev!® one obt:ins

T
B(KL » ue) < 5 x 10716 (38)

We are now ready to state our conclusions regarding Kj > ype:
a) Above the level of about 107!% for the branching ratio, the decay
K;, ~ ne is not expected to be sensitive to a flavour changing neutral
gauge boson coupled to (ue) and (sd) with comparable strength. In
contrast, a neutral gauge boson coupled to (ue) and to a strangeness-
conserving quark density only, the rate for p~Z + e~Z could be as large
as the corresponding experimental 1imit 27 Consequently, in the range
10714 < B(Kp =+ re) < 2x10-% the decay Ki + ue probes the presence of other
possible sources of muon number violation. b) Abranching ratio consider-
ably larger than ~v10-12 would suggest any of the following possibilities
or combinations thereof: the existence ~i an additional generation of
leptons and quark521; the presence of a neutral Higgs boson?? coupled to
(ue) more strongly or to (sd) more weakly than we have assumed above;
the existence of a strangeness and muon number changing neutral guage
boson with a considerably stronger coupling to (ue) than to (sd).
Concerning Kg * ue, no experimental information seems to be availahle
yet. This decay is sensitive to the antisymmetric combination
§ryd - drys (4 = A,P). In general, (ue) may be coupled to a linear combi-
nation a(srd) + b(drs) with a # 1, allowing for both K, ~ ve and Kg > ue
to occur,
) We shall turn now to consider briefly X* - ntue. This decay would
be sensitive to an effective interaction analogous to (6) but involving
vector, scalar, or tensor?3 quark densities, For a vector coupling the
branching ratio is

B(k* + ntpe) = 1(k* » nHue)/r(kt » all) = (6.4 x 107HEgyl? . (B9

Assuming that the contribution to Am of a neutral §auge boson Xo coupled
to JV = Byyd + dy,s 1is comparable to Am, (eq. 23),° onc obtains

B(K+ > -n+ue) < (2 X 10-17)(8\"/g'\;)2. (40)

to be compared with the experimental limit’

B(K' + 1r+ue)exp <7 x1079 , (41)
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For a scalar coupling,

B(K" » ntue) = 8|fsg]? , (42)
and Amexp implies (assuming Amg = Amy),
Bkt + ntue) < 16” 17(gs/g ) K (43)

For gé/g; = mu/ms and g;/g; mu/md, (42) leads to

B + ntpe) < 6 x 10°1¢@
and
B(kt > ntue) < 2 x 10715 (45)

respectively.

In the standard SU(2)1, x U(l) model with three generations, one
would have B(Kt - ntue) < 6 x 10-18.17

As seen from egs. (39) - (46), compared to the results for Ky - ue,
Kt » w+ue is much less sensitive to a vector or scalar coupliig than
Ki » pe is to an axial vector or a pseudoscalar one.

No experimental limits are available for Ky g - m%re. Both will occur
(as well as Kt + ntpe, to which they can be related), if (ue) is coupled to
a general combination aslyd + bdris (i =V,s5,T).

CP, T, and CPT

Although the discovery of CP-violation dates back to 1964, its origin
remains an unresolved question. The experimental developments since 1964
can be summarized as follows:2* 1) No CP-violation (or T-violation) was
found outside the neutral kaon system; 2) More accurate experimental infor-
mation became available on the parameters whi.:h describe the observed CP-
violation; 3) Sharper limits were set on CP or T-violating amplitudes in
various processes. The data are consistent with a theory in which CP-
violation arises solely through the mixing of K? and K8, such as a super-
weak theory. On the theoretical side, the success of unified gauge theo-
ries led to investigatlons of the possible ways in which the observed CP-
violation could arise in such a framework.?® The basic mechanisms are CP-
violation in the gauge boson-quark couplings and in the interactions of
Higes mesons, Below we shall discuss briefly two models which are of imme-
diate experimental interest,

1) CP-violation in the gauge boson interactions. The prominent example
is again the sequential SU(2) x U(l) model with three generations (the

minimal number tha; could accommodate CP-violation in the fermion-gauge
boson couplings). CP~violation could reside also in the couplings of
gauge bosons belonging to a larger flavour group,2l

In the six quark-six lepton model, the mixing matrix, which relates the
quark mass-eigenstates d,s,b tc the gauge group eigenstates d',s',b', con-
t2ins three wixing angles 8y, 65, 83 and a CP-violating phase, §:




d’ ) -8)0) -8183 d
s' - 81€2 c1cac3 =~ 8253e16 cyczcy + sycqyels s
b' 8182 c183¢cy + c253e16 c1s8283 - C2C3816 b

vhere cy = cos 8;, s = sin 8;.
The parameters ¢ and e' involved in the CP-vioclating observables??

ny. =c+e' (46)
Ngo = € = 2¢' (47)

are predicted in this model to be3°

V2]e| = (1-D) (ImAo/ReA, + K'F) (48)

V2|e'| = (1/20) InAg/ReA- (49)
and

ImAg/Redp = fK'? . (50)

In eqs. (48) - (50), Ag is the K » 2n(I = 0) amplitude,

K' = speoty sind/ey, (£ = tan9;) and fR2A, is the fraction of ReA, due
to pegguin diagrams. F and F are functions of me/my and

K = s5 + spcoticoss/ey. F, in addition, depends on the cutoff mass u in
the evaluation of the penguin diagrams. (1-D)Am = Ampgyx is the usual
box-diagram contribution to Am = mj-mg and DAm is the part of Am arising
from contributicns of low-mass intermediate states (v°,n,2m7,...), which
cannot be reliably calcularted.

For £ = 0, apart from some new effects in rare kaon decays and in the
decays of charmed particles, the mcdel reproduces closely the results of
the superweak theory. An important result, arrived at in ref. 32 is that
for an appreciable value of f (which may be the clue for the understanding
of the AT = 1/2 rule), the ratio

le*/e! = £F/(1-D) (f¥+F) (51)

could be as large as the present experimental limit ls'/elexp < 1/50.2"

For a given value of other parameters, (51) turns out to be a de-
creasing function of K. The maximum allowed value of K, dictated by D,
corresponds to the minimum of [e'/e|. Assuming [D| < 2 (suggested by
estimates of DAm) and choosing £ - 1/2, mg/u2 = 2.25, m¢/m, =_10, the
dmits [e'/e| 2 7.7 x 1073 or |e'/e| 2 9 x 1073 are obtained,3? depending
on whether the box diagram was calculated by vacuum insertion, or in the
bag model.® Smaller values of le'/e| (which wcuid correspond to larger
values of one or more of the quantities m,/m., m./u, and D, or to a small-
er value of f3°’3‘) cannot be, of course, ruled out,

In aldition to effects in K + 2n, deviations from the superweak pre-
diction may occur also in some other nonleptonic decays, for example, in
K+ 3n. Predictions of the possible magnitude of such effects are yet to
be made.?? 1In semileptonic decays no CP~violation is present in lowest




order. The electric dipole moment of the neutron D, is predicted to be

of the order of 10-2? to 10-3%, (to be compared with the present experi-
mental limit |Dplgyy < 1.6 x 1072% (90% C.L.))* which presumably would

not be attainable even with the next generation of experiments.

2) CP-Violation through Higgs boson exchange. If the Higgs sector of

the SU(2);, x U(l) model is extended to include at least three doublets

(at least two, if the neutral Higgs exchange is allowed to change flavour),
the guartic self interaction of the Higgs bosons may, in general, violate
cp.3 CP will not be then conserved by the scalar prcnagators and as a
result, the exchange of a higgs boson will induce an effective CP-violating
Fermi interaction with sctrength of order Gmm'/m§.3>

CP-violating effects in this model have teen estimated in ref. 37
with the results |e'/e| = 0.02(!) and D, = -2.8 x 10?5, 1t should be
noted that by increasing the "transition'" Higgs mass, D, could be made
correspondingly smaller, but the model could not then account for the ob-
served CP-violation. The latter, on the other hand, may be due to other
causes. In order that e'/clcould have a smaller magnitude, further Higgs
doublets seem necessary., CP-violating effects are expected also in semi-
leptonic reactions, notably a muon polarization Py normal to the decay
plane in Kﬁ + nytv and ¥* » m%utv, correspcnding to Im? (the ratio of
T-violating and T-invariant ferm factors) of order 10'3, to be compared
with the present experimental limit Imf = 0.012 + £.026.38 Again, smaller
values of Imf cannot be ruled out. In particular, CP-violating effects in
K;, = 2r and in Kuamay not be related, since in the leptonic couplings a
different Higgs meson might be involved. To search for smaliler P,,

Kkt » n%,+y is the better suited, since here the final-state interactions
are relatively negligible.

In addition to CP-violating quantities such as ny_ and ng,, we have
also encountered in models described above observables which violate time-
reversal invariance. The simultaneous appearance of CP-violation and T-
violation is of course a consequence of the CPT theorem, which is satisfied
in a local relativistic quantum field theory, such as the models we have
considered. Although che success of gauge theories has but stcengthened
our belief in local quantum field theory as the correct framework to des-
crite the fundamental interactions, it is important to remain open minded
and to be aware of the extent to which consequences such as the CPT theciem
have been experimentally tested.

As emphasized in ref. 39, the existing btounds on the strength of possi-
ble CPT~violating interactions depend on their symmetiy properties. The best
available limit refers to the case when the CPT-viclating interaction is also
CP-violating, but conserves paiity and strangeness. It is deduced from the
limit on the mass difference between K° and KO,
sg = [m(Ko) - m(KO)]/(mL - ms).39 Let us write for the parameter e (in eq.
46) ¢ = £ + 6, where € and 5 represent the CPT invariant (T-violating) and
CPT-violating (T-invariant) parts, respectively. An evaluation“?’'2% of the
Bell-Steinberger unitarity relation, using the present experimental informa-
tion yields?* Reé = (1.6, * 0.25) x 1073, Im&é = (1.40 + 0.25) x 1073,

Red = (-0.03 * 0.27) x 1073, and Imd = (-0.23 * 0.27) x 10 3 jmplying that
the observed (P-violation is predominantly due to a T-violating (CPT-
invarian:) interaction! The constant § is related to 8y as
(CET-invariant) interaction! The constant & 1is related to Sg as

V28 = 1/26g + 6,3% where B, “[y(K9) - y(R)1/[y(X®) + y{Ko)] (v(K°) and

y (Ko) are the decay width of KO and K9).?° Assuming that Bo = Bk =

[y(k") - YKV YK + y(K™)], one infers from the experimental bound

-9-



Ak £ 1003 41 that |6K| < 4 x 1073. Lenoting the strength of the hypotheti-
cal CPT-vinlating int2raction by uG (G = Fermi constant), its contripution
to 6 1s vi order |6K| = uG/G2 = u/G and consequently

p < (4 x 10°3)6 (52)

implying that the strength of the CPT-violatirg interaction must be of the
order of the superweak interaction or smaller. [he limit could be improved
by better information on CP-violating K° decay modes and on Ag (provided
that the assumption 8, =~ Ay holds3®). If the CPT-violating, CP-violating
interaction violates paritv or strangeness (or both), the information on
‘:s strength is weaker: [6y| = wG2/G2 = u < 4 x 1073, A limit of [&g| < 1073
1s cbtained from Ay (or from 4, < 10-3,42 for the S =0 case). 39

Thus in this case CPT-violation at the level of a miliweak interaction 1is
still tolerable! The limit could be improved by a more accurate experi-
mental result on dg. For CP-conserving, CPT-violating interactions, the
limit from 8y, Ak, or A, depends on the strength of the CP-violating irter-
action. In most cases the best limits .re obtained instead from direct
tests of time-reversa. violation.3?

CONCLUSIONS

The main subjects of our discussion were muon number violating processcs
with change of strangeness, and some new developments in the field of CP-
violation. Although unified gauge theories provide a number of possible
mechanisms for tre breakdown of muon number conservation, muon number viola-
tion is not obligatory, and its discovery would be an event of great impor-
tance. On the basis of our discussicn it appears that the chances for muon
number violation to be found, with a branching ratio between about 107!* and
the existing experimental limits, are better tfor the AS = 0 reactionu™2~» e Z
than for the AS = 1 processes we considered. Once muon number violation was
found, however, .tudies of the AS = 1 processes would provide new information
on the underlying mechanisms. Independently on whether muon numter violation
is seen or not, improved experimental limits on 4S = 1 muon number violating
processes would glve important constraints, independent on those imposed bv
the leptonic and the AS = 0 semileptonic reactions, on the possible muon num-
ber violating interacticns.

Unlike muon number violation, the breakdown of CP-~symmetry is an esta-
blished fact. The aim of the experiments is to¢ identify the interaction re-
sponsiblie for it. The prospect that one may be able to distinguish some of
the possible sources of CP-violation from a CP-violating superweak inter-
action is a most exciting one, and to improve the accuracy of the relevant
experiments is of the greatest importance. Some progress can already be made
by the existing machines,“3 but for the final answer we may have to wait for
new. high iutensity beams of kaons.
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